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The increasing demand for energy in the U.S has ranked the U.S as the world’s largest energy 
consumer, with increasing gasoline consumption as the single most important factor behind 
rising dependence on oil. At present gasoline has no major substitute fuel that can be quickly and 
broadly disseminated into widespread use across the United States during a major disruption or 
oil pricing shock (Alvarez et al., 2010). The absence of major substitutes called for efforts to 
ensure an ever increasing production of ethanol to substitute or compliment fossil fuel, which 
can only be achieved by exploring the economic competitiveness of other sources of biomass, 
especially the promising native warm-season grasses. The Federal Government has recently 
created various initiatives to push ethanol as a U.S transportation fuel. The Energy Independent 
and Security Act of 2007 (EISA) set the following targets: renewable fuels of 36 billion per year 
by 2022, corn ethanol production at 15 billion gallon per year or close to 1 million barrels a day 
by 2015, 16 billion gallons per year from cellulosic ethanol by 2022 (Alvarez et al., 2010). 
 
According to Milbrandt (2005), the total biomass resources available in the United States are 423 
million tons/year. The Southern states of Alabama, Kentucky, Louisiana, Mississippi, and 
Tennessee produce 12.3, 7.8, 13.1, 16.1 and 6.7 million tons of biomass per year respectively. 
Out of the Mid-South biomass resources of 56 million tons, dedicated energy grasses accounted 
for 21.1 million tons. Switchgrass on Conservation Reserve Program (CRP) land alone 
contributed 83.6 million tons to the total biomass resources in the United States (Pimental and 
Patzek, 2005). These figures justify the increasing interest in the use of perennial grasses as 
energy crops in the US. The characteristics which make perennial grasses attractive for biomass 
production are their high yield potential and the high contents of lignin and cellulose. Energy 




crops are produced with the express purpose of using their biomass energetically (Lewandowski 
et al., 2003). In the United States there are various candidate perennial grasses available which 
are considerable in their potential productivity, chemical and physical properties, environmental 
demands and crop management requirements. There has been an increasing interest in the use of 
perennial grasses as energy crops in the US and Europe. The characteristics which make 
perennial grasses attractive for biomass production are its high yield potential, the high contents 
of lignin and cellulose and generally anticipated positive environmental impacts (Lewandowski 
et al., 2003). Also, a number of studies have suggested recently that marginal and abandoned 
lands could potentially be converted to cellulosic feedstock production which would avoid a 
large scale conversion of current crop land to biofuel feedstock production (Tulbure et al., 2012). 
The contribution of renewable energy resources is vital for economic growth as well as 
an effective tool for the confrontation of climate change (Zafeiriou et al., 2014). However, to 
qualify as a viable supplement to fossil fuel, an alternative fuel should not only have superior 
environmental and economic benefits and potential of high production but also has energy gains 
over the energy sources used to produce it (Hill et al., 2006). Net energy production has been 
constantly used to determine energy efficiency of ethanol production from cellulosic as well as 
grain crops such as corn (Hammerschlag, 2006). In order to qualify for a promising alternative to 
fossil fuel, it is necessary for the biofuel to have a potential of offsetting cost of extracting and 
burning fossil fuel. The net energy benefit of replacing the fossil fuel will be determined by not 
only energy contained in biomass but also energy required to grow the biomass feedstock and 
convert in to usable form of energy (McLaughlin and Walsh, 1998). Among the tools available 
for determining energy efficiency of ethanol production, Net Energy Value (NEV) is an 
important tool. NEV for ethanol production can be defined as the difference between output 
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energy obtained from ethanol production and energy required to produce ethanol (Schmer et al., 
2008). Life-Cycle analysis is use to estimate energy requirements and demands to determine the 
environmental and societal risk/benefits (Schmer et al., 2008). Net Energy Value (NEV) is 
widely used to evaluate net gain; however the estimates are not consistent due to different 
reasons (Shapouri et al., 2002; Farrell et al., 2006).  
The variation in the net energy gains among different studies could partially be explained 
by the difference in the biomass yield. Biomass yield of native warm season grasses are sensitive 
to environmental factors hence could vary significantly from region to region. Also, the 
incremental biomass losses during harvest and storage can decrease effective yield at refinery 
gate. These losses will result in increased input used to produce per unit of ethanol (Emery et al., 
2014). However, Pimentel (2003) reported a negative net energy or an energy loss for ethanol 
production from both grain crops and cellulosic feedstocks. These studies have further been 
criticized by other authors for using obsolete data, and incorrectly ignoring some important co-




The modelling of Net Energy Value (NEV) was based on direct and indirect energy use for 
feedstock production and processing. Direct energy is the energy that is used directly on crop 
production while indirect energy is that embodies in inputs to a process. Energy embodied in a 
process is the direct energy required in manufacturing of a particular input plus energy embodied 
in inputs required in manufacturing that particular input (Treloar, 1998). Energy input can be 
further segregated as follows ( see Bansal et al., 2016; Romanelli et al., 2004 for details). 
Total energy used in biofuel production (input energy) 
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2.1. Energy Used in Applied Inputs 
 
Energy used in applied input can be further divided in to energy used in solid input (fertilizer) 
and liquid input (pesticides). 
                     (2) 
Where: 
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                           (MJ/ha) 
 
Energy in solid input can be can be derived as follows:  




                   (kg) 
                                           (MJ/kg) 
 
Accordingly, estimated embodied energy in nitrogen, phosphorous and potassium from various 
sources is given in table 1.  
Table 1 here 
 
Among the above mentioned studies, Bhat et al. (1994) provides with detailed explanation of 
embodied energy calculations for fertilizers based on production technologies in late 1980s. 
Shapouri (2001) used embodied energy in fertilizers based on an various estimates however, in 
their later study (Shapouri et al., 2002) the data of manufacturing fertilizers and pesticides were 
based on Argonne’s Green House Gases Regulated Emissions and energy use in transportation 
(GREET) model. In this analysis, embodied energy calculations in fertilizers were based on FAO 
(2000), fertilizer input and herbicide requirements and for native warm season grass species were 
based on FAO (2000).  
Energy in liquid inputs such as herbicides can be classified as:  
                                             (4) 
Where: 
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                          (l) 
 
Table 2 shows the embodied energy in fertilizer and herbicide use for the production of native 
warm season grass species.  





2.2. Energy Consumed by Labor 
 
Energy embodied in labor for cellulosic feedstock production was based on Pimental & Patzek 
(2005). Accordingly, the calculation for embodied energy in 5 hrs of labor use was 20,000 
kcal/ha yr
-1
 which is equivalent to 83.7 MJ/ha yr
-1
 (1 kcal is equal to 0.0042 MJ). It is assumed 
that 12 hours of labor requirement for a hectare of grasses hence the estimated energy input of 




2.3. Energy Embodied in Fuel Consumed by Farm Machinery 
 
Embodied energy in fuel was based on the per hectare fuel consumption for growing and 
harvesting feedstock. 
                      
                                      
               
      
    
 
     (6) 
                                                                        3.25 
Diesel consumption factor = 0.04 
Gasoline consumption factor= 0.06 
                                                                (7) 
Accordingly, 
                      (8) 
Where:  
                                    
                  
 
 
2.4. Energy Embodied in Planting Materials 
The native warm season grasses are propagated through pure live seed (PLS). Energy embodied 
in respective native grass seed/hectare was calculated using equation below  
Es = quantity of seed (kg) x Energy embodied/kg of seed     (9) 
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Energy embodied/kg of seed was based on Schmer et al., (2008) estimates for switchgrass. Seed 
requirements for planting of eastern gammagrass were from Roberts and Kallenbach (1999) and 
for Indiangrass and big bluestem were from USDA-NRCS (2002). 
 
2.5. Energy Used for Transportation and Processing 
 
Energy used in transporting bales from field to processing facility and conversion to ethanol was 
based on Schmer et al., (2008). These values were based on GREET (Wang, 2001), Meta model 
(RAEL, 2007) and Pimental &Patzek (2005). 
Accordingly, energy required for processing can be estimated as: 
                           (10) 
Where: 
                        (MJ/ha)  
                                          (MJ/ha) 
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                             (MJ/ha) 
 
2.6. Energy Embodied in Farm Machinery 
 
Energy embodied in machinery was calculated by using economic input-output life cycle 
assessment (EIO-LCA) model of Carnegie Mellon University (CMU). This model estimates the 
materials and energy resources required for, and the environmental emissions resulting from, 
activities in the economy (GDI-CMU). However the model does not provide with embodied 
energy in specific farm machinery for example tractors and harvesters. Model uses North 
American Industry Classification System (NAICS) 2002 and groups all farm machinery in to one 
sector.The energy embodied in machinery was estimated based on farm machinery requirements 




Table 3 here 
 
2.7. Energy Output 
Energy output is based on the dry matter yield of biomass and the conversion technology of the 
biomass to ethanol. Various studies have reported dry matter yield of warm season grasses 
(Anderson et al., 2008; Owsley, 2002; Tober et al., 2009; Weimer and Springer, 2007).Recent 
yield estimates (Keyser et al., 2015) and the ethanol conversion rate (NREL, 2011) were used in 
estimating energy output in producing ethanol form selected native grasses.  
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3. Result and Discussion 
 
Net energy value of ethanol production from switchgrass, eastern gammagrass, big blue 
stem and Indiangrass is given in Figures 1-4 respectively. The estimated mean NEV for 
switchgrass and eastern gammagrass (35,909 and 20,425 MJ/ha) was higher compared to other 
two grass species (3,884 and 9,359 MJ/ha for big bluestem and Indiangrass respectively) mainly 
because of comparatively higher biomass yield of switchgrass and eastern gammagrass. 
According to net energy distribution, there was a 90% probability that NEV of switchgrass range 
from 6,833 – 69,223 MJ/ha with only 0.7% probability of having negative NEV (Figure 1). For 
eastern gammagrass, there is a 90% probability that NEV range from -1,357 – 47,160 MJ/ha with 
7% probability of getting negative NEV (Figure 2). For the big bluestem, 90% interval of NEV 
ranges from -8,643 – 17,775 MJ/ha with 34.6% probability of having negative NEV (Figure 3). 
The 90% range of NEV of Indiangrass is between -4,500 – 21,862 MJ/ha with 14% probability 
of having negative NEV (Figure 4). On a volume basis, the mean NEV for switchgrass and 
eastern gammagrass was 7.9 MJ/L (with the range of -1.9 – 11.5 MJ/L) and 5.8 MJ/L (range of -
3.8 – 10.4 MJ/L) of ethanol respectively. For big bluestem and Indiangrass the mean NEV was 
1.39 (range of -7.6 – 6.5 MJ/L) and 2.8 (range -8.2 – 6.5 MJ/L) respectively.  
Figure 1-4 here 
 
For native grass production, most energy intensive categories were farm machinery, fuel 
and fertilizers. Among the fertilizers, nitrogenous fertilizer is found to have higher contribution 
in GHG emission due to N2O emissions (Kumar and Murthy, 2012). Proper management of 
nitrogenous fertilizer and use the natural alternatives such as legume intercropping can 




All four native grass species considered showed positive mean net energy value when 
used as feedstock for cellulosic ethanol production. Therefore, producing ethanol from native 
grasses would require less energy than it produces as an output however there is a probability of 
ending with negative NEV under low yield scenarios which result low energy output (see Figure 
5 for distribution patterns of energy output based on potential yield scenarios). 
Figure 5 here 
 
Some studies have reported NEV of 21.5 – 23 MJ/L of ethanol (Ferrell et al., 2006; 
Schmer et al., 2008) from cellulosic ethanol production although our analysis shows relatively 
lower mean NEV from ethanol production from grasses. In contrast, Pimental et al., (2003) and 
Pimental et al., (2005) reported a negative NEV of ethanol production from both grain crops and 
cellulosic biomass. The risk analysis shows higher probability of having positive NEV and lower 
chance of having negative NEV of ethanol from the native warm season grasses considered for 
this study. 
 
4. Conclusion and Recommendations 
 
The main objective of this study was to analyze NEV of production of ethanol from switchgrass, 
eastern gammagrass, big bluestem and Indiangrass. As highlighted by Hill et al., (2006), 
lignocellulosic feedstocks have been proposed to offer energy, environmental and economic 
advantages over first generation biofuel sources since second generation feedstocks can be 
successfully grown on marginal lands with low agricultural inputs. Energy crop production is 
considered as environmentally benign and socially acceptable, offering ecological benefits over 
fossil fuels through their contribution to the reduction of greenhouse gases and acidifying 
emissions. Energy crops are subjected to persistent policy support despite their limited or even 
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marginally negative impact on the greenhouse effect (Zafeiriou et al., 2016). Net energy and 
carbon balance are two important areas to be considered when studying the impact of cellulosic 
feedstock to the environment. The prime reason for investigating biofuel as an alternative to 
fossil fuel is saving non-renewable energy with lesser negative impact on environment. A 
positive net energy value (NEV) of ethanol is an indicator of net energy gain in the whole 
process and a negative value will imply unsustainability of a production process therefore NEV 
provides essential information to evaluate the potential feedstock as alternative source of energy. 
The energy required for manufacturing machinery, farm equipment, conversion facilities, and 
other related capital factors which have been omitted in some related studies (see Adusumilli et 
al., 2013) were considered in the analysis. The model variables and detailed estimation 
procedures were clearly stated as a reference for similar studies. Although, energy embodied in 
planting materials is not common in literature, the energy embodied in recommended quantity of 
seeds use in planning grasses was included. 
In this analysis, mean NEV for four native grass species considered showed positive energy 
balance. However, NEV for switchgrass was higher (7.96 MJ/l of ethanol) in compared to 
eastern gammagrass, big bluestem and Indiangrass (5.8, 1.4 and 2.6 MJ/lof ethanol respectively). 
A positive NEV also establishes all four grasses as potential biofuel feedstock. The alternative of 
energy crops must be adapted to regional conditions and needs, both in minimizing 
transportation costs as well as avoiding the current long-distance distribution limitations of 
ethanol. In the southeastern U.S.A, where accessible inventory and infrastructure for diverse 
feedstock production operations are already well established, native warm season grasses 
provides an advantage for biomass production. Since, recent investigations (Hao et al., 2015) 
among the markets shows no price impact effects across crop and livestock markets hence a 
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waiver relaxing the ethanol-fuel mandate would have minimal impact on crop and livestock 
prices. Therefore, in meeting future renewable energy demand it is recognized that multiple, 
integrated approaches with a variety of different crop species and production systems that 
include native warm season grasses are required to meet renewable energy production in the 
region. 
Acknowledgement: This material is based upon work that is supported by the National Institute 
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Table 1: Estimated embodied energy in Nitrogen, Phosphorus and Potassium 
 
Source Unit Nitrogen Phosphorus  Potassium 
FAO, 2000 MJ/kg 65 9 6 
Primental and 
Patzek, 2005 
MJ/kg 67 17.39 13.68 
Shapouri, 2001  MJ/kg 56.84 9.2 6.96 
Bhat et al., 1994 MJ/kg 55.48 4.52 4.80 
Shapouri et al., 
2002 
MJ/kg 42.71 2.17 12.45 
 
Table 2: Energy embodied in fertilizers for native grass production: 
Fertilizer and herbicide quantity 
needed/ha 
 
Energy embodied/kg of 



































Source: Bansal et al. 2016 




Specification Cost of new equipment Life in hours Hours 
required/ha 
Value ($) Source 
Farm 
tractor 









12 raw, 9.1 m 
 
85,000 1,000 1.96 
Tandem 
disk 
6.4 m rigid 36,500 1,000 1.38 
Boom 
sprayer 
27.4 m 43,000 200 0.46 
Rotary 
mower 













67,000 3,000 10.31 
Total cost 403,500 Total hrs/ha 22.36 





Figure 1: Net energy balance of ethanol production from switchgrass 
 
 






Figure 3: Net energy balance of ethanol production from Big Bluestem 
 
 
























Figure 5: Distribution of potential energy output of native warm season grasses 
 
 
 
 
 
 
 
